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Improving Electricity Resour ce-Planning Processes by Considering
the Strategic Benefits of Transmission

Vikram Budhraja, Fred Mobasheri, John Ballance, Jim Dyer, Alison Silverstelnlaseph Eto

"Not everything that counts can be counted, and not everything that can be counted counts."
—Albert Einstein

Methods of evaluating the economic impacts of new electricity transmigsojects generally
rely on production-cost simulation models to estimate project benefits tedpedue
approaches to assess key uncertainties, and a utility’s cost of cagegttimine the present
worth of future impacts. These methods do not capture the many strategic bermadits of
voltage electricity transmission projects, such as those resultingtimlortg life of projects,
dynamic changes to the system, access to diverse fuels, mitigatiorsagiakkorm of insurance
against extreme events, and advancement of public policy goals to integratebtereneagy
resources and reduce greenhouse gas emissions. Incorporating morevalmasibas of these
important benefits will enable public policy makers and stakeholders to makeiettened
decisions about building new transmission and will contribute to equitable recoveoyjeuft pr
costs.

Our research has identified several approaches for enhancing existimglsnetlaccount for the
strategic benefits of transmission projécts

o Use a social discount rate rather than a utility’s cost of capital to evéheate
present value of future impacts

o Take fuel diversity benefits into account using the price elasticity ofalajas

o Formally consider the dynamic impacts of new transmission to enable later
generation additions for local and export uses

o Apply portfolio analysis methods from the financial services industry to eealua
the overall risk of a combined collection of energy assets, rather than onlgkthe ri
associated with individual projects

o Develop model-based techniques to quantify benefits from reductions in extreme
events, e.g., reduce impact of blackouts and volatility of markets.

o Until these techniques are developed, incorporate Delphi and other stakeholder
consensus-building techniques to recognize and quantify the benefits of
mitigating low-probability, high-societal-impact events such as nidgmkouts
and market dysfunctions.

! The material used to prepare this article is @efifrom Budhraja, V., J. Ballance, J. Dyer, aniBbasheri,
(Electric Power Group, LLC). 2008ransmission Benefit Quantification, Cost Allocatand Cost Recovery
California Energy Commission, Energy Research aedeldpment Division.



1 I ntroduction

There is general consensus that new transmission projects are neededde ddvaolicy
objectives of renewable-energy integration, reliability managemi#icteat market operations,
interconnection of new load and generators, reduction of transmission congestion and
bottlenecks, and expansion of access to regional power markets.

Historically, major transmission projects were sponsored and owned by Nemitegrated
utilities and were generally proposed in connection with new power plant develophoefaty,
the landscape has changed dramatically with the separation of generati@namstion
assets, the separation of transmission operations and ownership, and the shifpgnsiléity
for transmission operations and planning from utilities to Independent System
Operators/Regional Transmission Operators in many areas. Approvabofragapnal
transmission projects in this new environment has proven challenging, as etibgrboe
difficulty in moving forward with major transmission projects.

It is especially difficult to advance major regional transmission projeatsrivolve multiple
jurisdictions and utilities and that are planned to integrate remote reso@dece costs,
improve market operations, provide long-term strategic benefits, or improveiogdietibility.
These projects cannot go forward without certainty about cost recovery, whiatesequi
allocation of costs through tariffs or contracts. Achieving this certaigtyines consensus
among stakeholders and policy makers regarding benefits, costs, and dleairail

These challenges were recognized in a September 2007 report prepared hyeTRiblBON

Panel on Cost Allocatioh.
While the wholesale electricity market has changed fundamentally atheirork for
enabling and encouraging investment that will better enable the grid éogemwing
competitive markets has not yet fully emerged. One area still largelyalved is how
the costs incurred in transmission expansion will be allocated among usets.it\ghi
clear that many traditional cost-allocation approaches are no longer apieopew
principles governing the allocation of cost responsibility for new trangmigsvestment
have yet to be fully articulated and implemented.

This paper seeks to improve decisions regarding new transmission projectsrbgneswling
adoption of methods to incorporate strategic benefits of transmission, whictharagriored or
are not well-accounted for by current transmission evaluation methods. We $dininll be
easier to make decisions about future large transmission projects, including hiowate dheir
costs, if the benefits of these projects are better understood.

2. Traditional evaluation methods do not account for many of the economic impacts of
transmission

2 The Blue Ribbon Panel on Cost Allocatioi.National Perspective On Allocating the Costs eiNI'ransmission
Investment: Practice and PrincipleSeptember, 2007.



The economic impacts of proposed new transmission projects have traditionallytbeateds
using production-cost simulation models that analyze two scenarios: one with gmet anot
without the proposed project. Many commercial production-simulation models #ebkeya
such as PROSYM, GEMAPS, PROMOD, and PLEXOS. These models simulate production
from a fleet of available generation resources and associated fuel qoiosuamd emissions
with least cost dispatch algorithms. Using forecast estimates of faespcosts of various
emissions, and variable operations and maintenance (O&M) costs, the modetdeabtal
production costs over time for a given load forecast and associated load shapes§ e gefit
for the new transmission project is estimated to equal the difference behgdetat production
costs from the two simulations (with and without the new transmission project)eThenefit
of the transmission project is then calculated by subtracting the capitahandl O&M costs of
the project from the estimated gross benefit. Benefit-cost ratios andaimates of return can
then be calculated based on annual production, capital, and O&M costs of the project.

Sensitivity analyses are used to understand the impacts of uncertainty ssiémptions such as
fuel costs, load forecasts, and the capital costs of a transmission projbetartalyst can assign
probabilities to the different uncertainties (e.g., the likelihood that natasgbrices will be

below $5/MMBtu, equal $7/MMBtu, or equal approximately $9/MMBtu), then she can éstima
a project’s expected value of benefits.

We conclude that current methods used to quantify transmission project benefits:

« Are data-intensive and require many assumptions and judgments about the futofe flee
generation, fuel prices, and transmission network.

e Understate the benefits of long-lived (50+year) assets by using higludisates based on a
utilities’ cost of capital to estimate the present worth of the future impéd¢tansmission.

« Minimize or ignore the impact of new transmission in reducing the likelihood or sevkri
high-impact but low-probability events, such as blackouts and extremetmaldddity,
which have been very costly in the last two decades.

o Are static, assuming that once a new transmission project is built mavidupport any
additional generation, when in fact transmission systems are dynamicvatideseadded to
the system can accommodate new interconnections.

The shortcomings of these methods of analyzing transmission projects have bgeizeddo a
report prepared by the Western Interconnection Seams Steering’ Grbigh noted that:
The real societal benefit from adding transmission capacity comes worthef
enhanced reliability, reduced market power, decreases in systenh @agitariable
operating costs and changes in total demand. The benefits associated afatlityeli
capital costs, market power and demand are not included in this [type of production cost]
analysis.

Because the above transmission benefits are unrecognized or are unckieddty current
analysis methods, stakeholders and policy makers cannot accurately waightsheersus the
benefits of a proposed transmission project, and make less effective decisiongridbout
expansion options.

® Western Interconnection Seams Steering Group (88G-Framework for Expansion of the Western

Interconnection Transmission Syste2©03



Our research identified several ways to improve transmission benefit quaiatifito better
represent the full range of transmission project impacts. These methodscasselil in detail
below.

3. Usea social discount rate

Transmission projects are long-lived assets that produce societal benefiteany years,
including their ability to reduce the likelihood and severity of extreme markatihtgland
multiple-contingency events, which are costly and risky to society. Two texgariteria for
defining a public good are: 1) consumption by one party does not foreclose consumption by
another party; and, 2) owners cannot prevent consumption by others. Electricityissams
facilities fit these same criteria. Use of transmission faeslits subject to open access rules.
That is, transmission is a common carrier, SO transmission owners cannot rRsEsEssion

for their own exclusive use. Other examples of public goods are greenhouse gésmeaiuc
pollution reduction, flood control, and highway systéms.

Because transmission is a public good, a social discount rate rather thantag (itifity cost

of capital should be used for calculating the present worth of future benefitadwm
transmission projects. Use of a social discount rate has long been advocated forceconom
evaluation of public projects in sectors such as transport, agriculture, watecessamd land
use and lately, global warming mitigation projettsore broadly, a variety of economic studies
have recommended social discount rates ranging from 1 to 3 percent, with &ifeatessas

high as 4 and 7 perceht.

In a recent article former California Energy Commissioner John Geesman notes that the
“...discount rate is set to approximate the cost of capital of the real pantgrasi in the
decision, the belief being that such a rate should fully capture the value attaclvboitea
between today and tomorrow.” However, he observes, “The construct doesn’t work quite as
seamlessly with decisions affecting broad swathes of the public, or saiciatge, so the 'cost

* Costs of public good projects are spread ovepatintial users and beneficiaries. This is the dashighways,
dams, flood control, and other public-good projedider Federal Energy Regulatory Commission rules,
transmission project costs are spread over alsusesocialized.

® The concept of a social discount rate has been discussed by econonps$tiéoanghers for decades. F.
Ramsey, in “A Mathematical Theory of Saving,” Economic Journal, 1928, wratépolicymakers
should be more patient than private citizens” and that it was ethicallyms=ilefe to discount the future.
M. Dobb, in Essay on Economic Growth, Long, 1960 wrote that to discount future enjoymkes ian
“weakness of imagination” and that labor productivity rate should be sdbe aiscount rate.

® W. Nordhaus ifThe Stern Review: The Economics of Climate Cham@e06,recommends a three-percent social
rate of discount. H. Lopez, ithe Social Discount Rate: Estimates for Nine L&merican CountriesPolicy
Research Working Paper, The World Bank, Latin Aggrand the Caribbean Region, Office of the Chief
Economist, June 2008, estimates that the socialafatliscount for Latin American countries in theee- to four-
percent range. D. Evans and H. Sezer, in “ThetiEigsof Marginal Utility of Consumption: Estimagefor 20
OECD Countries, Fiscal Studies26(2):197-224, 2005, estimate it at between hdB]7 percent in six developed
countries. D. Evans, in Social Discount RatesSor Major CountriesApplied Economic Letters1: 557-560,
2004, finds an average social discount rate of pfedcent in 20 Organization for Economic Cooperatiom
Development (OECD) countries.

" J. Geesman, “Discount Rates: The Divine Rightaiitomists."Green Energy WarAugust 13, 2008.



of capital‘ is transformed into a 'social discount rate.” Geesman noteththBush
Administration directed “...its agency heads in 2003 to use both a 7% real cost ofanaghidal
3% real social discount rate in conducting regulatory evaluations.”

California Energy Commission (CEC) staff in a 2004 draft white fapeupgrading of the
California electricity transmission system echoed this view, concludatdniph-voltage
transmission infrastructure in a restructured market has increasewiynie a public good. The
CEC recommended using a social discount rate comparable to that used for [dEQ@dand
appliance standards when evaluating the costs and benefits of transmissionantsest

Application of a social discount rate does not require any change in beneinabsis
methodology, other than to insist on the use of a social discourit Tate impact of using the
discount rate choice on the present value of benefits from long-lived projectsifieaig. For a
project with uniform (equal) benefits over 50 years of economic life, the use &f pefieent
(societal) rather than ten percent (private utility) discount rateaesesethe present value of
benefits by 60 percent or more over the 50 year evaluation period.

4. Estimate fuel diversity benefits

In most regions, the marginal fuel for electricity generation is natural Addition of large
amounts of renewables and associated transmission will displace baselqaud sak regions)
and natural gas-fired electricity generation. Reduced naturabgasraption, in turn, will affect
the price of natural gas and, as a result, the cost of power (and other acthatieslies on
burning natural gas. These benefits can be quantified and should be creditetljrapbasto
large regional transmission projects that enable interconnection of majoemewable resource
developments.

To determine the fuel diversity benefit of a transmission project, it issageto quantify the
amount of natural gas (or coal) used regionally, with and without the transmissiect.piije
degree to which the project would decrease the price of the natural gas ceechstéd by
taking into account both the price elasticity of natural gas and the decrelaseamdunt of
natural gas that would be used as a result of the new project.

For example, the Tehachapi Transmission Project in southern Californiagsdesieloped to
interconnect 4,350 MW of wind generation. Assuming an average 35-percent capamifyttiac
annual production from this new wind power will be 13.3 billion kWh. In 2006, approximately
107 billion kWh was produced from natural gas in Califoffliherefore, the Tehachapi
Transmission Project could reduce the amount of natural gas consumed for powetigurdnju

12.4 percent! which would mean a total reduction in California’s natural gas use of 4.8 percent.
See Figure 1.

8 california Energy Commission (CEQ)pgrading California’s Electric Transmission Systelssues and Actions
for 2004 and Beyon@®004. CEC-100-04-004.

® Transmission project benefits could be calculatsidg both a social discount rate and a traditicoat of capital
to indicate the sensitivity of calculated benefitad costs) to the choice of discount rate.

192006 Net System Power Report, 4/12/07, CalifoEmargy Commission Publication CEC-300-2007-007

! For the sake of simplicity, this calculation igasrthe fact that there will not be a one-for-orgpldicement of
renewable for gas-fired generation, and that someuat of gas-fired generation will be needed tovfte ancillary



A recent study by Wiser et al. estimates the price elasticitydtural gas at 0.8 to 2.0 percént.
Assuming that each one percent drop in natural gas demand drives naturalegadqwit by

one percent, the 4,350 MW Tehachapi wind and transmission line development, the 4.8-percent
reduction in natural gas consumption could reduce the price for natural gas in Cdhjofsa
percent. If natural gas is priced at $6/MMBtu, that elasticity reductiorn emulal

$0.29/MMBtu.

With the Tehachapi project’s wind power providing 13 billion kwWh of electricity to Qrali&
consumers (and assuming no other changes to the system), the electricity¢pfimuaeatural

gas could decrease from 107 billion kwh to 94 billion kwh. Assuming a heat rate of

9,000 BTU/kWh, the $0.29/MMBtu price reduction translates to annual savings of about $250
million. Since the total cost of the Tehachapi transmission line is edtiteabe $1.8 billion, a
single year of natural gas savings for electricity production aloneseghbaut 14% of the cost of
the transmission line. While it can be debated how much of these savings should bedttribut
the wind project versus the transmission line itself, the fact remains thatgvibe line the fuel
diversity benefits cannot be realized at all, so the line should receive sdina pbthe fuel
diversity benefit.

5. Formally consider dynamic impacts

Major new transmission projects are undertaken to connect expected new remaeoyeweh
loads. Once built, many new major transmission lines enable additional new generati
construction (that was not assumed in the original transmission plan) thdsovglegk to serve
these loads. Dynamic analysis methods, which are a form of scenario planningd bshoséd

to evaluate such changing benefit streams over the life a transmisséin @&hese benefits could
be estimated based on past experience with the construction of older transmeggsiis and
their impacts on generation expansion and inter-regional power trading.

Estimating dynamic planning benefits of new transmission projectorsnadf scenario
analysis. It entails:
a. Defining a base case (the transmission project and associated initiatgperer
b. Estimating benefits from the proposed transmission project
c. Modifying future-year base cases to reflect dynamic impacts, formggamw
generation capacity construction
Estimating changes in benefits over time from the new transmission uses
Assessing other dynamic factors (such as unanticipated benefits) rdlivetually
or using scenarios and weights

6. Apply portfolio analysis methods

Portfolio analysis is commonly used in the financial industry to identify grolipsrestments
that perform well under a variety of scenarios. When building a financial portfaicagers use

services and firming for the intermittent renewaipdmeration.

2 wiser, R., M. Bolinger, and M. St. ClaEasing the Natural Gas Crisis: Reducing Natural Gaies through
Increased Development of Renewable Energy and Erigffiziency Berkeley CA: Ernest Orlando Lawrence
Berkeley National Laboratory Report LBNL-56756. Jary, 2005.



diversification and allocation of assets among different investment categofimit risk
correlation between asset classes, to create a portfolio that maximekzadjusted returns.

In the electricity industry, diversification of supply resources has long eempartant element
in planning for uncertainty. Resource diversification mitigates and reducesrtbequences of
fuel price uncertainty, load uncertainty, generation resource performanagons, major
generation failure, and natural events such as fire, earthquake, etd bfsteacentrating on
one or two types of supply resources such as coal, oil and gas, today’s utilitefiytyse a
portfolio of resources that can include demand-side resources, nuclear, coalgaydamd
renewable energy, combining resources that may be local and distant, isetf-awd purchased.
Portfolio diversification has been mandated through policy mandates such asBlene
Portfolio Standards or energy efficiency goals.

Electric system planners can plan for uncertainty using tools that indedar® planning,
sensitivity analysis, decision analysis, and probabilistic production- gionulaodels.
However, most new transmission and generation projects have been evaluatednesingdss
analysis on a project-by-project basis, rather than as part of a portfoliojedtp.

High-voltage transmission is a system resource much like new generatarsmission enables
utilities to import a significant portion of the power they need from otheresilgnd/or
merchant plants, enabling geographic, technology, ownership, financial and fwel sour
diversification. Many utilities enjoy the diversification benefit of sealspoaer exchanges,
which exploit the differing load and resource patterns of importing and expatmans.

More research is needed to determine how to use modern portfolio management tec¢bnique
identify effective, robust, risk-reducing combinations of energy systemuness. Appropriate
allocation among different types of resources — supply and demand, local andl réagsitand
non-fossil, generation and transmission -- may be more important than preciskcatiantof

the benefit-cost of individual projects in limiting the overall risk of decisionser@he amount
of capital investment already in place in utility systems, electriesyplanners and policy-
makers may want to seek new assets that improve diversification and redutiesgstna risk,
rather than seeking only those assets that have the highest benefitiwolt nadiny cases, new
transmission could be a risk-reducing asset that enhances overall igjguriolios.

7. Develop model-based techniquesto quantify benefits from reductionsin extreme events

Power systems are generally designed to meet N-1 (one contingency) or tdNediftimgencies)
reliability criteria. However, extreme events, such as the August 2003 Hstehe U.S. and
Canada blackout and the 1996 Western Interconnection blackout, are typically multiple
contingency events. Additional transmission capacity could help mitigate thetode,
duration, and footprint of blackouts resulting from these types of extreme events.

Volatile market prices can also become extreme events, although sosiétttdrtolerance for
runaway market prices or market dysfunction. Additional transmission capaaityelp mitigate
market dysfunction and vulnerability to runaway market prices by redumtagydcarcity of
electricity supplies and allowing access to additional suppliers that eak bigh local power
costs.



Regional power flow analyses can simulate the degree to which new traosmisgects could
reduce the likelihood, severity or footprint of a power system blackout. Simjadstuction

simulation models can be used to estimate the impact of new transmission upon congestion and
market price volatility.

Focusing on reliability, calculating the benefit from reduced vulnerabiligxtreme events
entails?
a. Developing a base model that includes loads, resources, transmission
b. Simulating an extreme event with the base-case model to estimate load slaedding
customer loss due to service interruptions or blackouts from extreme events
c. Changing the base case by adding major new transmission lines (one, two,)or three
d. Re-running the revised base case with new transmission lines for the sesneeex
event as in Step C above
e. Estimating the blackout footprint in terms of load-shedding and customer loss
f. Calculating the benefit of the proposed new transmission in terBdsooiomic Value
of Load Lossnultiplied byReduction in Load Loss.

This approach to quantifying extreme event mitigation focuses on networkngacapacity
under multiple contingencies with and without a new transmission project and thiegesul
impact of an extreme event in terms of blackout footprint. The modeling for such igaétif
is an ambitious effort requiring significant engineering expertise,atetaesources.

8. Incor por ate difficult-to-quantify benefits

Although it is generally agreed that transmission projects have straegfits, such as
insurance against contingencies, these benefits are not easily quantWigtitake time to
develop and gain acceptance for utilization of these methods. While this processanoass
Delphi or other methods can be used to develop consensus on a level of strategic hanefits t
could be assigned to transmission projects as an adder or percentage of totatgsbject

Experts in the management science and decision analysis fields have stdidgd guantify
difficult-to-quantify variables. One approach is the Delphi methodology, whilgs i@h a panel
of experts to assign weights and worth to different decision criteria or varidlble panel shares
their results and iterates through several cycles of weighting and twa)weith the goal of
achieving consensus on an agreed set of weights and values for each variabélyGeeto
four iterations are sufficient for the panel members’ views to converge.

The Delphi approach could be adapted to incorporate societal or strategitsbeSefikeholders
or constituent groups could assign values to different benefit categories ferti@ngmission
project, evaluating transmission’s strategic impact on fuel diversitgpility and market
volatility.

¥ The analysis methodology for estimating a newdmngission project’s benefits in mitigating marketatiity is
conceptually similar to the methodology outlined ¢mantifying the benefits of mitigating extremereat impacts
on system reliability.



Figure 2 illustrates the application of the Delphi stakeholder-consensusmelppo assess a new
transmission project. In this example, there is consensus that societalshiendiie project

under consideration should be valued at 26.25 percent of the project cost. Therefore, the primary
guantifiable benefits from the project have to be equal or larger than 73.75 perbenpajéct

cost for this project to be economical and cost -effective.

9. Conclusions

Improved quantification of benefits from new electricity transmission pigjas described in
this paper and summarized below, can be useful for:
o Calculating the distribution of benefits among project participants and
jurisdictions
o Demonstrating and sharing benefits for direct and indirect participantsiacal c
stakeholders
o Enabling each utility or jurisdiction to analyze benefits of projects (or a packag
of projects)
0 Assisting in determining cost allocation among multiple participants and
jurisdictions
0 Selecting a cost-recovery methodology

Current transmission planning methods should be augmented as follows to recogtage str
benefits that are not accounted for in current analysis approaches thatemdycused:
a. Public Good
-- Use of a social discount rate to calculate the present value of berefita fr
proposed new transmission project
o Fuel Diversity
-- Incorporate the benefit from a potential decrease of natural gas puttenges
from the construction of a new transmission project that integrates acaghifi
number of new renewable resources, which would reduce natural gas
consumption and emissions
0 Low-Probability, High-Impact Events
-- Incorporate risk- mitigation benefit to society for low-probability hhiigpact
market events and extreme multiple- contingency events; this would entail
analysis of event scenarios or use of the Delphi or other methods to obtain
stakeholder consensus on the value of the risk mitigated by the project.

Additional research is needed to improve the quantification of transmission heRef#sarch
areas include:
o Dynamic Analysis
-- Quantification of transmission project benefits should recognize the impact of
new transmission projects on the construction of new generation capacity in
exporting regions.
o Portfolio Analysis
-- Portfolio analysis methods utilized in the financial industry should be adapted
to transmission electric system planning, i.e., portfolios of energy resmanalels
be constructed and assessed for overall risk. These portfolios should include

10



resources such as demand response, new generation (renewable and fuel based),
new transmission, and energy conservation.

o Extreme- Event Benefits (Insurance Value)
— Methods should be developed to quantify extreme event mitigation benefits of
proposed transmission projects for:
Reliability — the benefit of new transmission in reducing the footprint of future
blackouts resulting from their impacts on grid reliability (in particulairegme
(N-x) events).
Market Volatility— the benefit of new transmission in reducing market volatility
due to extreme (N-x) events and the societal value of reduced vulnerability to
runaway market prices.
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Figure 1. Example of Fuel Diversity Benefit Calculation

Example of Fuel Diversity
Benefit Calculation

= Integrate 4,500 MW of renewables (e.g., Tehachapi Wind)

= Estimated annual production

= Electricity production Using Gas in California

— Base case

— With Renewables

~ 107 Billion KWh

~ 94 Billion KWh

~ 13 Billion KWh (approximately 35% CF)

Reduction in Gas for Power Plants
Price elasticity of natural gas

Gas for electric production as a % of CA gas

consumption
% Reduction in gas usage

Gas Price Reduction
(assume 1% for 1% reduction)
Gas Price
— Base Case
— With Renewables
Cost Savings for remaining 94 Billion KWh
assuming average 9,000 BTU/KWh

Note: Including price impact on non-electric sector, benefit will be 2.5 times, or $625 million.

~12%

1% demand reduction equals 0.8 — 2%
price reduction*

~ 40 %

12*.4~48%
=4.8%

$6/M2BTU

$5.70/M2BTU

= 94 Billion KWh * 9,000 BTU/KWh
X $0.30/M2BTU = $250 Million/year

lllustration ignores timing and present value for simplicity.

*Wiser, Bolinger, and St. Clair, January 2005, Easing the Natural Gas Crisis: Reducing Natural Gas Prices through
Increased Deployment of Renewable Energy and Energy Efficiency

Stakeholder Consensus — Delphi

Approach

Assemble stakeholders

Define societal benefit
categories, e.g.,
1. Fuel Diversity

2. Reliability — reduced
vulnerability to extreme events

3. Market Volatility — reduced
incidence of runaway prices

Each stakeholder to assign
value to each benefit category
as % of project cost

Share results and repeat
exercise until convergence

Result — consensus on range of
societal benefits to offset
transmission project costs

% Cost Reduction of Transmission Project Due to
Societal Benefits

Stakeholder
Benefit
Category 1 2 & 4 Average
1 5 10 10 20 11.25
2 5 5 10 10 7.5
3 5 10 10 5 7.5
Total 15 25 30 35 26.25

Project Cost

Cost reduction due
to societal benefits

26.25%

73.75%

Project Cost Net of
Societal Benefits

Figure 2. Stakeholder Consensus—Delphi Approach
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